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. The dimorphic process characteristic of many infective fungi is relevant to pathogenesis, as only one of the forms is usually associated with the disease. The term dimorphism implies two distinct morphological phases, whose conversion from one to the other is triggered by environmental stimuli. However, many intermediate cell shapes occur frequently. An example is Candida albicans in which morphological transitions amount to gradations of form that lead to yeast cells, pseudohyphae, and true hyphae (Merson-Davies & Odds, 1989) . A second example is Paracoccidioides brasiliensis, another pleomorphic fungus pathogenic for humans, that depends on temperature for phase expression. Morphological extremes are characterized by the yeastlike (Y) phase in tissue and in vitro at 37 "C, and by the mycelial (M) morphology below 25 "C; transitional forms with elongated structures, yeast-like chains or undefined structures, occur in vitro at intermediate temperatures (Carbonell & Rodriguez, 1965 and Pb73 (ATCC 32071) have been maintained in our laboratory on PYG medium (peptone, 5 g; yeast extract, 5 g;
and glucose, 15 g ; per 1 distilled water, final pH 7.0) agar slants for several years. They were grown in PYG liquid medium (200 ml in 500 ml Erlenmeyer flasks), after inoculation with 10 ml of a seed culture. They were incubated for three days at Since the transition process took several hours to start, the time required for sample manipulation under the microscope was insufficient to modify morphology. 
RESULTS AND DISCUSSION
Merson-Davies & Odds's approach (1989) of using a logarithm of Mr to calculate Mi in C. albicans opened the way to allow objective shape discrimination with other fungi, such as P. brasiliensis. While in the former, slope and intercept values were 1.78 and 2, respectively, in the latter, values of 1.13 and 2.13 were required for a similar Mi span between 1 (yeast phase) and 4 (mycelial form). Therefore, using the formula Mi = 2-13 + 1.13 log,,(ls/d2), Mi values were calculated for wild and mutant strains of P. brasiliensis (Fig. 1) . In this way, yeast-like cells had Mi around 1.0 (wild strain Pb9Y and mutant strain Pb1419, ex Pb73), and Mi approaching 4.0 as they departed from the round morphology, to produce either elongated yeast cells (mutant strain Pb267, ex-strain Pb9) or a variety of hyphal shapes (wild strain PbSM, and mutant strains Pb257 and 258, ex-strain Pb9), so that the thinner the mycelium, the closer Mi was to 4.0. Some mutants produced mixed populations, such as Pb232-37 and Pb227-23 (both strains ex-Pb73). In these instances, the use of Mi (2.71 and 2-94, respectively) was misleading, not only because of the apparent closeness t o M i in different mutants (e.g. Pb258), but also because Mi did not reflect the true nature of morphologically mixed mutants. To overcome this limitation, histograms were prepared for each strain. In this way, differences were clearly established between true yeast (Pb9Y and Pb1419) and mycelial (Pb9M) morphologies, atypical yeast-like (Pb267) or mycelial (Pb257 and Pb2.58) shapes (all of them having a single population group around a given Mi), and morphologically mixed mutants, which clearly separated into groups of different Mi (Pb232-37 and Pb227-23). This is in agreement with MersonDavies & Odds (1989) who previously observed a considerable variation in the nature of environmentally induced morphologies in C. albicans that could be quantitatively expressed through the equation
Merson-Davies & Odds (1989) also found a direct correlation between Mi and cell wall chitin content in C. albicans, the latter considered a biochemical feature linked to morphology (Chattaway et al., 1968 ; MersonDavies & Odds, 1989) . By contrast, in P. brasiliensis Mi values showed an inverse relationship with both cell wall chitin and 1,3-a-glucan (with the exception of strain Pb258 in the latter) when considering each wildtype and its mutants (Table 1 ). Unlike C. albicans, the P. brasiliensis Y phase has three times more chitin in its wall than the M phase (Kanetsuna et al., 1 9 2 ) , leading to the observed inverse relationship with Mi. But the most prominent differential feature of P. brasiliensis morphogenesis is the substitution of 1,3-a-glucan by 1,3-P-glucan when the fungus changes from the Y to the M phase (Kanetsuna et al., 1969; San-Blas & San-Blas, 1985) . Wh& 1,3-a-glucan showed an inverse relationship with Mi, 1,3-P-glucan did not, and concentrations increased sharply inLhe presence of a well-defined mycelial structure (Mi > 3-5). This may suggest a requirement for 1,3-/.?-glucan in the final stage of hypha formation and a continuous, though variable, presence of the other two polysaccharides throughout the dimorphic process of P. brasiliensis, with major participation in the yeast-like phase.
Quantification of the dimorphic transition in both directions could be done with Mi calculations (Fig. 2) . In the Y + M transition, histograms prepared from samples taken during the first 4 h revealed the formation of an intermediate population (Mi between 2 and 3) G. SAN-BLAS a n d OTHERS San-Blas, 1985) in which hyphal development starts 2 h after the change of temperature from 37 to 22 "C, with the formation of mycelial buds or primary hyphae which are thicker and shorter than typical hyphae (Mi between 2 and 3). Their cell walls are like the yeast wall, that is, they have 1,3-a-but not 1,3-P-glucan, because they originate from deformation of the yeast cell rather than true initiation of apical growth, as suggested by the halt in synthesis of macromolecules during the first 8 h of transition (San-Blas & San-Blas, 1985) . Consequently, the fungus uses the yeast machinery in the initial steps of the dimorphic process towards a hyphal morphology. In a second step, a rearrangement of the cell system occurs, and true hyphae are produced (San-Blas & San-Blas, 1985) .
Histograms were alsoused to quantify the dimorphic transition either way. Mi correlated linearly with time in P . brasiliensis (Fig. 2) , suggesting a continuity in the process. Actual extension of fungal growth reflects the incorporation of precursor materials, through the agency of apical vesicles, into pre-existing rigid walls which are subjected to continuous scission of bonds to allow incorporation of new material (Bartnicki-Garcia, 1973) or through the assemblage of polymers synthesized at a plastic apex, rigidity developing while the wall segment moves in subapical directions during elongation (Wessels, 1986) . Mathematical approaches to fungal and plant cell enlargement have also been proposed (Ortega, 1990; Ortega et al., 1995) by means of governing equations that describe the relevant physical processes in terms of biophysical and biomechanical parameters which, in turn, are controlled by relevant biological processes.
In conclusion, Mi and histograms thereof provide a simple objective estimation of morphology and dimorphism in P . brasiliensis. Extension of this method to other fungal species requires the adjustment of equations, as shown in C. albicans and P . brasiliensis. We hope that future application of this method may provide a means for determining morphology-specific regulatory processes at the molecular level.
